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CD14+CD16+ monocyte subset. Importantly, since IL-1al-
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MODULATION OF PATHOGENIC
CD14+/CD16+ MONOCYTES

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

The present application 1s a continuation of U.S. nonpro-
visional patent application Ser. No. 12/559,019 filed on Sep.

14, 2009, which claims the priority of U.S. provisional patent
application Ser. No. 61/096,563 filed on Sep. 12, 2008.

STATEMENT AS TO FEDERALLY SPONSORED
RESEARCH

Not applicable.

FIELD OF THE INVENTION

The invention relates generally to the fields of immunol-
ogy, leukocyte biology, inflammation, cancer, vascular disor-
ders, and medicine. More particularly, the invention relates to
methods of determining treatment options, methods of
assessing treatment efficacy, and methods for targeting dis-
case-associated leukocytes without causing significant mor-
bidity or generalized immunosuppression.

BACKGROUND

Leukocytes, or white blood cells, are cells of the immune
system that protect the body against infectious disease and
toxins. There are several different and functionally diverse
kinds of leukocytes 1n humans, all however are derived from
a common pluripotent bone marrow-derived stem cell. In a
healthy person there are about 8x10° leukocytes per milliliter
of blood. These leukocytes are comprised of basophils, lym-
phocytes, neutrophils, eosinophils, macrophages and mono-
cytes. The monocyte fraction accounts only for about 2-8% of
all leukocytes.

The macrophage was first observed by physicians during
the mid-mineteenth century, when these cells were described
in battlefield wounds and 1n association with areas of chronic
inflammation. Extensive study of these cells since has
revealed that the monocyte-macrophage system plays several
crucial functions: 1n tissue maintenance and repair; 1mmune
regulation; and 1n control and elimination of pathogens.

Monocytes are only temporary residents 1n the blood. After
development in the bone marrow, monocytes circulate 1n the
bloodstream where they have a half-life of a few days. During
an acute inflammatory response, the half-life may be only a
tew hours. Egress of monocytes from the blood 1nto tissues 1s
associated with an increase 1n cell size together with a larger,
lighter-staining nucleus, indicating intense RNA expression.
These tissue-1nfiltrated cells are termed macrophages (or his-
tiocytes). These cells are phagocytic and mobile.

When monocytes take up residence in various tissues they
may persist there for years. In the spleen, macrophages are
involved 1n recycling old red blood cells; in the skin (Langer-
hans cells), they are involved 1n keratinization of the epider-
mis; 1n the liver (Kupier cells), they manage degradation of
toxins; in the mmtima of the artery (foam cells), they are
involved 1n the formation of atherosclerotic plaques; 1n the
joint, they differentiate 1nto cells (type A synoviocytes) that
are involved 1n maintenance of the joint; in lymph nodes, they
function as antigen presenting cells (dendritic cells), stimu-
lating adaptive immune responses; 1 bone, they regulate
resorption of bone mass (osteoclasts); while 1n the central
nervous system (glial cells), they act as sentinel cells and are
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involved 1n neuroendocrine homeostasis. Monocytes and the
cells that they differentiate were once commonly referred to
as the reticuloendothelial system. While no longer popularly
referred to as such, this nomenclature addressed the multiple
roles of monocytes 1n the homeostasis of tissues and organ
systems.

In order for monocytes to perform their myriad functions in
tissues, they first must exit the blood vessel and enter tissue.
To accomplish this, monocytes, once activated, adhere to the
endothelial cells of the blood vessel wall and extravasate, or
penetrate, the cell matrix that forms the vessel wall. This
extravasation process 1s not unique to monocytes. The
molecular mechanism of adherence mmvolves the adhesion
molecules CD11a, CD11b, CD11¢/CD18, common to virtu-
ally all monocytes, as well as lymphocytes and neutrophils.
Since extravasation of leukocytes 1nto tissues 1s the first step
1n many disease processes, attempts have been made to block
this process with antibodies. Extreme care, however, must be
taken not to effect a generalized blockade of this process. The
human genetic disease known as Leukocyte adhesion defi-
ciency (LAD), a defect of the CD11/CD18 system, results 1n
severe immunosuppression. Individuals with LAD die from
opportunistic ifections 1f left unprotected from pathogens.
Consequently only a very selective blockade of this process 1s
acceptable. One such treatment ivolves the use of an anti-
body Efalizumab, which targets CD11c, which 1s expressed
as CD11¢c/CD18 on certain leukocyte subsets, such a T lym-
phocytes. However, no means for selectively blocking mono-
cyte function has been devised.

As distinguished from other leukocytes, monocytes repre-
sent a unique cellular compartment. Yet monocytes them-
selves are a functionally heterogeneous population of cells. In
humans, these populations may be generally divided into two
groups based on expression of cell surface markers: (1) the
major population defined as CDI14 high expressing
(CD14++) and (2) the minor population defined as CID14 and
CD16 co-expressing (CD14+CD16+). The latter 1s known as
a proinflammatory subset of monocytes and 1s associated
with numerous mntflammation-associated diseases including
atherosclerosis, cancer, rheumatoid arthritis, and Alzhe-
imer’s disease.

Therapeutic strategies involving leukocytopheresis to
remove pro-inflammatory CD14+CD16+ monocytes from
patients have been attempted. For example, extracorporeal
climination of CD14+CD16+ monocytes was successiul 1n
treating ulcerative colitis (Kanai et al. Inflamm. Bowel Dis.
2007 March; 13(3):284-90). This approach, however,

resulted 1n significant morbidity and risk to the patient and 1s
not suitable for treatment of chronic illness. Moreover, leu-
kocytophoresis 1s not highly selective for CD14+CD16+
monocytes but rather depletes most monocyte populations.
Theretfore, leukocytophoresis 1s not suitable for treatment of
diseases where sustained, long-term depletion 1s necessary,
since this 1s expected to cause dangerous immunosuppres-
sion. Rather a highly selective means of targeting CD14+
CD16+ 1s necessary.

A preferred approach would be to selectively target the
CD14+CD16+ proimnflammatory monocyte subset with an
agent that specifically downregulates that subset’s function.
Heretofore, no practical means to precisely target these cells
has been 1dentified. Although these cells are characterized by
expression of CD14 and CD16 surface proteins, these are not
appropriate for targeting therapy. CD14 would not be an
appropriate target because 1t 1s expressed by all monocytes as
well as other cells populations, such as neutrophils. Modu-
lating function of the entire population of CD14-expressing
cells would result in unacceptable risk of severe immunosup-
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pression. Targeting CD16 (FcgRIII) would also not be appro-
priate because, 1n addition to expression on monocytes, 1t 1s

expressed on a number of other crucial immune cells includ-
ing B and T lymphocytes. Accordingly, a good marker for
targeting those CD14+CD16+ monocytes has been lacking. 53

SUMMARY

The 1nvention 1s based on the discovery that interleukin-1
alpha (IL-1alpha) 1s expressed on the prointlammatory, dis- 10
case-associated CD14+CD16+ monocyte subset in humans.
Importantly, because IL-1alpha appears to be almost exclu-
stvely expressed on this monocyte subset, it represents an
ideal marker for targeting the CD14+CD16+ monocyte sub-
set. Moreover, this discovery allows the effectiveness of an 15
agent that depletes such pathogenic cells or modulates IL-1al-
pha function on such cell types to be monitored by assessing
CD14+CD16+ monocyte levels or Tunctionality.

Accordingly, the invention features a method including the
steps of: (a) admimstering an agent that modulates the func- 20
tion or expression of IL-1alpha to a human subject; and (b)
determining whether such administration modulates the
amount or function of CD14+/CD16+ 1n the subject. The
method might also include a step of first determining whether
the subject has CD14+/CD16+ monocytes in an amount that 25
contributes to a disease or pathologic disorder and/or whether
the functional attributes of the subject’s CD14+/CD16+
monocytes contributes to a disease or pathologic disorder.

The invention also features a method including the steps of:

(a) determining whether a human subject has CD14+/CD16+ 30
monocytes in an amount that contributes to a disease or patho-
logic disorder; and (b) administering an agent that modulates
the function or expression of IL-1alpha to a human subject.
This method can also include the step (¢) of determining
whether such administration modulates the amountof CD14+ 35
CD16+ monocytes 1n the subject.

Also within the mvention 1s a method including the steps
of: (a) determining whether the functional attributes of a
human subject’s CD14+/CD16+ monocytes contributes to a
disease or pathologic disorder; and (b) administering an agent 40
that modulates the function or expression of IL-1alpha to a
human subject. This method can also include the step (¢) of
determining whether such administration modulates the
tfunction of CD14+CD16+ monocytes 1n the subject.

In these methods, the agent that modulates the function or 45
expression of IL-lalpha can be one that interferes with
IL-1alpha binding to an IL-1alpha receptor or one that modu-
lates the level of transcription or translation of a nucleic acid
encoding IL-1alpha. For example, the agent can be an anti-
body (Ab) that specifically binds IL-1alpha or an IL-1alpha 50
receptor. The Ab can be one that when administered to the
subject reduces the amount or function of CD14+CD16+
monocytes in the subject.

The Ab can be a monoclonal antibody (mAb), e.g., a mAb
that specifically binds IL-lalpha. The antibody can be a 55
human Ab such as a monoclonal human IgG, that specifically
binds IL-1alpha (e.g., one that has a heavy chain including the
amino acid sequence of SEQ ID NO:1 and a light chain
including the amino acid sequence of SEQ ID NO:2; or one

that has a heavy chain including the amino acid sequence of 60
SEQ ID NO:3 and a light chain including the amino acid

sequence of SEQ 1D NO:4).

In the methods, the agent that modulates the function or
expression of IL-1alpha can also be a vaccine that increases
the concentration of Abs that specifically bind IL-1alphaoran 65
IL-lalpha receptor in the subject, or a nucleic acid that
reduces or modulates I1L-1alpha expression in the subject.

4

The human subject can be a person having a pathology
associated with aberrant function or levels of CD14+CD16+
monocytes. For example, the pathology can be an inflamma-
tory condition or an autoimmune condition such as cancer,
atherosclerosis, rheumatoid arthritis, or inflammatory bowel
disease. The human subject can also be a person having an
abnormally high level of peripheral blood that are CD14+
CD16+ monocytes leukocytes (e.g., at least 1.5% of total
white blood cells 1n a complete blood count with differential )
betore administration of the agent or a person having normal
or less than normal levels of peripheral blood leukocytes that
are CD14+CD16+ monocytes (e.g., less than 1.5% of total
white blood cells 1n a complete blood count with differential)
aiter administration of the agent. The human subject can also
be a person having an abnormally high level of peripheral
blood monocytes that are CD14+CD16+ monocytes (e.g., at
least 10% of monocytes are CD14+CD16+) before admainis-
tration of the agent.

In these methods, the step of determining whether such
administration modulates the amount or function of CD14+
CD16+ monocytes 1n the subject can include determiming the
subject’s amount (e.g., number, percent of total white blood
cells in a complete blood count with differential, concentra-
tion, and/or ratio to other blood cells such as CD14++ mono-
cytes) of CD14+CD16+ monocytes before and after admin-
1stration and/or assessing the function of the subject’s CD14+
CD16+ monocytes (e.g., assessing binding to endothelial
cells such as human umbilical vein endothelial cells (HU-
VEC)) before and after administration.

Unless otherwise defined, all technical terms used herein
have the same meaning as commonly understood by one of
ordinary skill in the art to which this invention belongs. Com-
monly understood definitions of biological terms can be
found 1n Rieger et al., Glossary of Genetics: Classical and
Molecular, 5th edition, Springer-Verlag: New York, 1991;
and Lewin, Genes V, Oxford University Press: New York,
1994,

By the term “antibody” 1s meant an immunoglobulin as
well as any portion or fragment of an immunoglobulin
whether made by enzymatic digestion of 1ntact immunoglo-
bulin or by techniques 1n molecular biology. The term also
refers to a mixture containing an immunoglobulin (or portion
or fragment thereol) such as an antiserum.

As used herein, the term “human antibody” or “human Ab”
generally refers to an immunoglobulin (Ig) which 1s substan-
tially non-immunogenic in humans.

The term “‘specifically binds™, as used herein, when refer-
ring to a polypeptide (including Abs) or receptor, refers to a
binding reaction which 1s determinative of the presence of the
protein or polypeptide or receptor in a heterogeneous popu-
lation of proteins and other biologics. Thus, under designated
conditions (e.g. immunoassay conditions 1n the case of an
antibody), the specified ligand or Ab binds to 1ts particular
“target” and does not bind 1n a significant amount to other
proteins present in the sample or to other proteins to which the
ligand or Ab may come 1n contact with 1n an organism. Gen-
erally, a first molecule that “specifically binds” a second
molecule has an equilibrium affinity constant greater than
about 10° (e.g., 10°, 107, 10%, 10°, 10'°, 10'', and 10"~ or
more) liters/mole for that second molecule.

When referring to a protein molecule such as an Ab, “puri-
fled” means separated from components that naturally
accompany such molecules. Typically, an Ab or protein is

purified when 1t 1s at least about 10% (e.g., 9%, 10%, 20%,
30% 40%, 50%, 60%, 70%, 80%, 90%., 95%, 98%, 99%.,
99.9%, and 100%), by weight, free from the non-Ab proteins
or other naturally-occurring organic molecules with which 1t
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1s naturally associated. Purity can be measured by any appro-
priate method, e.g., column chromatography, polyacrylamide
gel electrophoresis, HPLC analysis, or other suitable method.
A chemically-synthesized protein or other recombinant pro-
tein produced 1n a cell type other than the cell type 1n which it
naturally occurs 1s “purified.”

Although methods and materials similar or equivalent to
those described herein can be used 1n the practice or testing of
the present mvention, suitable methods and matenals are
described below. All publications, patent applications, pat-
ents, and other references mentioned herein are incorporated
by reference in their entirety. In the case of conflict, the
present specification, including definitions will control. In
addition, the particular embodiments discussed below are
illustrative only and not intended to be limiting.

DETAILED DESCRIPTION

The invention encompasses methods for assessing whether
administration of an IL-1alpha targeting agent to a human
subject modulates the function or amount of CD14+CD16+
monocytes 1n the subject. The below described preferred
embodiments illustrate adaptation of these methods. None-
theless, from the description of these embodiments, other
aspects of the invention can be made and/or practiced based
on the description provided below.

General Methods

Methods 1mvolving conventional immunological and
molecular biological techniques are described herein Immu-
nological methods (for example, assays for detection and
localization of antigen-Ab complexes, immunoprecipitation,
immunoblotting, and the like) are generally known 1n the art
and described in methodology treatises such as Current Pro-
tocols in Immunology, Coligan et al., ed., John Wiley & Sons,
New York. Techniques of molecular biology are described in
detail 1n treatises such as Molecular Cloning: A Laboratory
Manual, 2nd ed., vol. 1-3, Sambrook et al., ed., Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, N.Y., 2001;
and Current Protocols in Molecular Biology, Ausubel et al.,

ed., Greene Publishing and Wiley-Interscience, New York.
Ab methods are described 1n Handbook of Therapeutic Anti-

bodies, Dubel, S., ed., Wiley-VCH, 2007. Methods of blood
cell analysis are described 1n Flow Cytometry, David Keren,

American Society for Clinical Pathology; 4th edition, 2007
and Lichtman et al., Willlams Hematology, McGraw-Hill

Professional; 7th edition, 2005.

Agents that Modulate the Function and/or
Expression of IL-1alpha

Various methods of the invention feature a step of admin-
1stering to a human subject an agent that modulates the func-
tion or expression of IL-lalpha. Any suitable agent that
modulates the function or expression of IL-1alpha might be
used. The agent, for example, can be one that binds IL-1alpha,
one that interferes with IL-1alpha binding to an IL-1alpha
receptor, or one that modulates the level of transcription or
translation of a nucleic acid encoding IL-1alpha. Numerous
such agents are known or can be made by a skilled artisan
using the teachings herein or the knowledge 1n the art. These
include antibodies that specifically bind IL-lalpha or an
IL-1alpha receptor (such that 1t blocks binding to IL-1alpha),
vaccines that increase the concentration of such antibodies in
a subject, IL-lalpha binding proteins such as IL-lalpha
receptors and variants (e.g., fragments or amino acid substi-
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tution mutants) thereof, nucleic acids which bind IL-1alpha
(e.g., aptamers), small organic molecules which specifically

bind IL-1alpha, nucleic acids that reduce or modulate 1L.-1al-
pha expression, and combinations of two or more (e.g., 2, 3,
4, 5 or more) of the foregoing.

Antibodies

Antibodies that are useful 1n the methods of the invention
include those, that when administered to a subject, modulate
(e.g., reduce) the amount or function of CD14+CD16+ mono-
cytes 1n the subject. Because CD14+CD16+ monocytes also
express IL-1alpha, Abs that specifically bind IL-1alpha or an
IL-1alpha receptor can be used to modulate the function or
amount of such monocytes. Anti-IL-1alpha or anti-IL-1alpha
receptor Abs can be polyclonal or monoclonal. To prevent
undesirable reactions, Abs for use 1n methods of the invention
are preferably humanized or more preferably human.

The methods of the invention preferably use a human mAb
that includes (1) an antigen-binding variable region that
exhibits very high binding a: ﬁmty for human IL-1alpha and
(11) a constant region that 1s effective at both activating the
complement system though C1qg binding and binding to sev-
eral different Fc receptors. The human Ab 1s preferably an
IgG1. The Ka of the antibody 1s preferably atleast 1x10° M~
or greater (e.g., greater than 1x10'° M~ ). The human Ab can
include a heavy chain mcluding the amino acid sequence of
SEQ ID NO:1 and a light chain including the amino acid
sequence of SEQ ID NO:2; or one that has a heavy chain
including the amino acid sequence of SEQ ID NO:3 and a
light chain including the amino acid sequence of SEQ ID
NO:4).

Although generally less preferred, chimeric anti-1L-1alpha
mAbs (e.g., “humanized” mAbs), which are antigen-binding
molecules having different portions derived from different
animal species (e.g., variable region of a mouse Ig fused to the
constant region of a human Ig), might also be used in the
invention. Such chimeric antibodies can be prepared by meth-
ods known 1n the art. E.g., Morrison et al., Proc. Nat’l. Acad.
Sci. USA, 81:6851, 1984; Neuberger et al., Nature, 312:604,
1984; Takeda et al., Nature, 314:452, 1984. Similarly, anti-
bodies can be humanized by methods known 1n the art. For
example, monoclonal antibodies with a desired binding
specificity can be commercially humanized or as described in
U.S. Pat. No. 5,693,762; 5,530,101; or 5,585,089.

Preferably, to ensure that high titers of Ab can be admin-
istered to a subject with minimal adverse effects, the mAb
compositions which may be used in the invention are at least
0.5,1,2,3,4,5,6,7,8,9,10,11, 12, 13, 14, 15, 20, 25, 30,
35, 40, 45, 50, 60, 70, 80, 90, 93, 96,97, 98, 99, 99.9 or more
percent by weight pure (excluding any excipients). The Ab
compositions might include only a single type of mAb (i.e.,
one produced from a single clonal B lymphocyte line) or
might include a mixture of two or more (e.g., 2, 3,4, 5, 6,7,
8, 9, 10 or more) different types of mAbs.

To modily or enhance their function, the Abs might be
conjugated another molecule such as a cytotoxin. An IL-1al-
pha-specific Ab might be conjugated with one or more cyto-
toxins to more effectively kill cells expressing IL-1alpha.
Cytotoxins for use 1n the invention can be any cytotoxic agent
(e.g., amolecule that can kill a cell after contacting it) that can
be conjugated to a mAb. Examples of cytotoxins include,
without limitation, radionuclides (e.g., °°S, '*C, **P, '*°I,
1311 QDY 89Zr ZDlTl 186Re lBBRe 57Cu .’213B1 Ellld ZIIAt)
conjugated radionuclides, and chemotherapeutic agents. Fur-
ther examples of cytotoxins include, but are not limited to,
antimetabolites (e.g., 5-fluorouricil (3-FU), methotrexate
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(MTX), fludarabine, etc.), anti-microtubule agents (e.g., vin-
cristine, vinblastine, colchicine, taxanes (such as paclitaxel
and docetaxel), etc.), alkylating agents (e.g., cyclophaspha-
mide, melphalan, bischloroethylnitrosurea (BCNU), etc.),
platinum agents (e.g., cisplatin (also termed cDDP), carbopl-
atin, oxaliplatin, IM-216, CI-973, etc.), anthracyclines (e.g.,
doxorubicin, daunorubicin, etc.), antibiotic agents (e.g.,
mitomycin-C), topoisomerase inhibitors (e.g., etoposide,
tenoposide, and camptothecins), or other cytotoxic agents
such as ricin, diptheria toxin (DT), Pseudomonas exotoxin
(PE) A, PE40, abrin, saporin, pokeweed viral protein,
cthidium bromide, glucocorticoid, anthrax toxin and others.
See, e.g., U.S. Pat. No. 5,932,188.

Vaccines

In the method, the agent that modulates (e.g., inhibits) the
function or expression of IL-1alpha can also be a vaccine that
increases the concentration of antibodies that specifically
bind IL-1alpha 1n the subject. A suitable vaccine can include
an 1mmunogenic form of IL-lalpha 1n a pharmaceutically
acceptable carrier. An adjuvant such as aluminum salts might
be included as well. The immunogenic form of IL-1alpha
might include the intact protein or peptide fragments of such
protein. To enhance an immune response, the immunogenic
form of IL-1alpha might be conjugated with a carrier protein
such as keyhole limpet hemocyanin or pseudomonas exo-
toxin. Abs produced as a result of vaccine administration
might be collected and used as described above.

IL-1alpha Modulating Proteins and Mimetics

Examples of proteins that modulate IL-1alpha expression
and/or function by direct targeting include IL-1 receptors
(IL-1Rs) such as IL-1RI, IL-1RII, and IL-1lalpha-binding
variants thereof (e.g., recombinant forms, fragments, mimet-
ics, mutants, and conjugates thereol). Soluble forms of
IL-1Rs are preferred for their ease of administration.
Examples of proteins that can indirectly modulate IL-1alpha
expression and/or function mclude proteins that can compete
with monocyte-associated IL-1alpha for binding ligands such
as IL-1Rs (e.g., those that do not transduce activating sig-
nals). These might include a modified non-activating IL-1al-
pha (including pro-IL-1alpha, membrane-associated IL-1al-
pha, and recombinant IL-1alpha), a modified non-activating
IL-1beta (including pro-IL-1beta and mature IL-1beta), I1-1
receptor antagonist (IL-1Ra; including soluble IL-1Ra, icIL-
1Ral, and 1cIL-1Rall), and variants thereof.

Protein (including Ab) variants can be generated through
various techniques known 1n the art. For example, 1L-1alpha,
IL-1beta, IL-1Ra, and IL-1R wvariants can be made by
mutagenesis, such as by introducing discrete point
mutation(s), or by truncation. Mutation can give rise to a
protein variant having substantially the same, or merely a
subset of the functional activity of these proteins. Other pro-
tein variants that can be generated include those that are
resistant to proteolytic cleavage, as for example, due to muta-
tions which alter protease target sequences. Whether a change
in the amino acid sequence of a peptide results 1n a protein
variant having one or more functional activities of the native
protein can be readily determined by testing the variant for a
native protein functional activity. Non-peptide mimetic or
chemically modified forms of the foregoing that modulate
IL-1alpha expression or function can also be used. See, e.g.,

Freidinger et al. 1n Peptides: Chemistry and Biology, G. R.
Marshall ed., ESCOM Publisher: Leiden, Netherlands,

1988); Ewenson et al. (1986) J. Med. Chem. 29:295; Ewen-
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son et al. 1n Peptides: Structure and Function (Proceedings of
the 9th American Peptide Symposium); Nagai et al. (1985)

Tetrahedron Lett 26:647; Sato et al. (1986) J. Chem. Soc.
Perkin. Trans. 1:1231); Gordon et al. (1985) Biochem. Bio-
phys. Res. Commun 126:419; and Dann et al. (1986) Bio-
chem. Biophys. Res. Commun 134:71). The foregoing may
also be chemically modified to create derivatives by forming
covalent or aggregate conjugates with other chemical moi-
cties, such as glycosyl groups, lipids, phosphate, acetyl
groups and the like. Covalent derivatives of proteins can be
prepared by linking the chemical moieties to functional
groups on amino acid side chains of the protein or at the
N-terminus or at the C-terminus of the polypeptide. To
modily or enhance their function, the foregoing agents might
be conjugated another molecule such as one or more of the

cytotoxins listed above.

IL-1alpha-Modulating Nucleic Acids

The agent that modulates expression/activity of IL-1alpha
can also be a nucleic acid. For example, the nucleic acid can
be a sense nucleic acid that encodes a IL-1alpha protein (e.g.,
introduction into a cell can increase the cells IL-1alpha activ-
ity). The nucleic acid can also be an antisense nucleic acid that
hybridizes to mRNA encoding IL-1alpha to inhibit transla-
tion and decrease expression of the protein. Antisense nucleic
acid molecules for use within the mvention are those that
specifically hybridize (e.g. bind) under cellular conditions to
cellular mRNA and/or genomic DNA encoding a IL-1alpha
protein 1n a manner that inhibits expression of the IL-1alpha
protein, e.g., by inhibiting transcription and/or translation.
The binding may be by conventional base pair complemen-
tarity, or, for example, 1n the case of binding to DNA
duplexes, through specific interactions 1n the major groove of
the double helix.

Antisense constructs can be delivered as an expression
plasmid which, when transcribed 1n the cell, produces RNA
which 1s complementary to at least a unique portion of the
cellular mRNA which encodes a IL-1alpha protein. Alterna-
tively, the antisense construct can take the form of an oligo-
nucleotide probe generated ex vivo which, when introduced
into a IL-1alpha protein expressing cell, causes inhibition of
IL-1alpha protein expression by hybridizing with an mRNA
and/or genomic sequences coding for IL-lalpha protein.
Such oligonucleotide probes are preferably modified oligo-
nucleotides that are resistant to endogenous nucleases, e.g.,
exonucleases and/or endonucleases, and are therefore stable
in vivo. Exemplary nucleic acid molecules for use as anti-
sense oligonucleotides are phosphoramidate, phosphothioate
and methylphosphonate analogs of DNA (see, e.g., U.S. Pat.
Nos. 5,176,996; 5,264,564; and 5,256,775).

Nucleic acid molecules can be delivered into cells that
express IL-1lalpha 1n vivo. A number of methods have been
developed for delivering DNA or RNA into cells. For
instance, such molecules can be introduced directly nto a
target site by such standard techniques as electroporation,
liposome-mediated transfection, CaCl-mediated transiec-
tion, or the use of a gene gun. Alternatively, modified anti-
sense molecules, designed to target the desired cells (e.g.,
antisense linked to peptides or antibodies that specifically
bind receptors or antigens expressed on the target cell sur-
face) can be used. Because 1t 1s often difficult to achieve
intracellular concentrations of the antisense suilicient to sup-
press translation of endogenous mRNAs, a preferred
approach utilizes a recombinant DNA construct in which the
antisense oligonucleotide 1s placed under the control of a
strong promoter (e.g., the CMYV promoter). The use of such a
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construct to transform cells will result 1n the transcription of
suificient amounts of single stranded RNAs that will form
complementary base pairs with the endogenous IL-1alpha
transcripts and thereby prevent translation of IL-lalpha
mRNA.

Ribozyme molecules designed to catalytically cleave
IL-lalpha mRNA transcripts can also be used to prevent
translation of IL-1alpha mRNA and expression of IL-1alpha
protein (see, e¢.g., PCT Publication No. WO 90/11364, pub-
lished Oct. 4, 1990; Sarver et al., Science 247:1222-1225,
1990 and U.S. Pat. No. 5,093,246). Preferably the ribozyme 1s
engineered so that the cleavage recognition site 1s located
near the 5' end of IL-1alphamRNA; 1.¢., to increase efficiency
and minimize the intracellular accumulation of non-func-
tional mRNA transcripts. Ribozymes within the invention can
be delivered to a cell using a vector.

Endogenous IL-lalpha gene expression can also be
reduced by mnactivating or “knocking out” the IL-1alpha gene

or its promoter using targeted homologous recombination.
See, e.g, Kempin et al., Nature 389: 802 (1997); Smithies et

al., Nature 317:230-234, 1985; Thomas and Capecchi, Cell
51:503-512, 1987; and Thompson et al., Cell 5:313-321,
1989. For example, a mutant, non-tfunctional IL-1alpha gene
variant (or a completely unrelated DNA sequence) tlanked by
DNA homologous to the endogenous IL-1alpha gene (either
the coding regions or regulatory regions of the IL-lalpha
gene) can be used, with or without a selectable marker and/or
a negative selectable marker, to transfect cells that express
IL-1alpha protein 1n vivo.

Alternatively, endogenous IL-lalpha gene expression
might be reduced by targeting deoxyribonucleotide
sequences complementary to the regulatory region of the
IL-1lalpha gene (1.¢., the IL-1alpha promoter and/or enhanc-
ers ) to form triple helical structures that prevent transcription

of the IL-1alpha gene 1n target cells. (See generally, Helene,
C., Anticancer Drug Des. 6(6):569-84, 1991; Helene, C., et

al., Ann. N.Y. Acad. Sci1. 660:27-36, 1992; and Maher, L. J.,
Bioassays 14(12):807-15, 1992) Inhibition of IL-1alpha gene

expression might also be performed using RNA 1nterference
(RNA1) techniques.

Nucleic Acids which Bind IL-1alpha (Aptamers)

Aptamers or nucleic acid species that have been engineered
through repeated rounds of selection (e.g., by SELEX; sys-
tematic evolution of ligands by exponential enrichment) to
bind to IL-lalpha might also be used in the mvention to
modulate the function of IL-1alpha. Methods of making and

using aptamers against specific markers are described, e.g., in
U.S. Pat. Nos. 5,670,637, 6,331,398; and 5,270,163; 5,567,

J83.

Small Molecules which Modulate 1L-1alpha
Expression/Function

Small molecules (generally organic) might also be modu-
late IL-1alpha expression or function. Known small mol-

ecules with anti-inflammatory action such as corticosteroids,
cyclooxygenase 1nhibitors, linomide (roquinimex), thalido-
mide, pentoxitylline, and genistein might be used. Other mol-
ecules can be 1dentified by screening libraries of small mol-
ecules to 1dentily those that modulate (upregulate or
downregulate) IL-1alpha expression in monocytes.

Determining Whether Admainistration of an Agent
Modulates the Amount of CD14+CD16+ Monocytes

in a Subject

One method of the imnvention features a step of determining,
whether administration of an agent that modulates IL-1alpha
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expression and/or function modulates the amount of CD14+
CD16+ monocytes 1n the subject can include determiming the

subject’s amount (e.g., number, percent of leukocytes 1 a
complete blood count with differential, concentration, ratio to
other blood cells such as CD14++ monocytes) of CD14+
CD16+ monocytes before and after administration. Deter-
mining the subject’s amount of CD14+CD16+ monocytes
before and after administration can be performed by any
suitable method. For example, peripheral blood mononuclear
cells (PBMCs) can be 1solated from a human subject and then
subjected to flow cytometry using antibodies specific for
CD14 and CD16. Peripheral blood cells may also be centri-
fuged 1n order to concentrate the cells, and 1mmunohis-
tochemistry techniques used to identily and quantify the

CD14+CD16+ population.

Determining Whether Admimistration of an Agent
Modulates the Function of CD14+CD16+
Monocytes 1n a Subject

One method of the mnvention features a step of determining,
whether administration of an IL-lalpha targeting agent
modulates the function of CD14+CD16+ monocytes 1n the
subject can include assessing the function of the subject’s
CD14+CD16+ monocytes before and after administration.
Determining the subject’s tunction of CD14+CID16+ mono-
cytes before and after administration can be performed by any
suitable method. For example, CD14+CD16+ monocytes can
be 1solated from peripheral blood mononuclear cells col-
lected from a human subject. The 1solated monocytes can then
be subjected to an 1n vitro binding and transendothelial
migration assay using human umbilical vein endothelial cells
adhered to an artificial membrane substrate. See, e.g., Etingin
et al. (1991) Proc. Nat’l. Acad. Sci. USA, 88:7200-7203.

A number of different assays may be performed to deter-
mine functional characteristics of the CD14+CD16+ mono-
cytes. Leukocytes 1solated from patients can be tested for
their ability to induce pro-intlammatory cascade 1n vitro. The
ability to stimulate synoviocytes to upregulate expression of
MCP-1, or the ability to stimulate IL-2 production from the
EL-4 T lymphocyte cell line are two such assays. Induction of
these cytokines 1s dependent on CD14+CD16+ monocytes,
thus these methods provide a means to determine the effec-
tiveness ol treatments aimed at reducing the pro-inflamma-
tory activity of these cells 1n the peripheral blood.

To model the biology of circulating monocytes and their
migration from blood 1nto tissues, it 1s a standard art in the
field to study this transmigration in vitro using established
cell culture techniques coupled with the use of a polycarbon-
ate filter assay (transwell assay). A source of primary endot-
helial cells (e.g., HUVEC) 1s seeded onto a polycarbonate
filter (support matrix) and grown until forming a confluent
monolayer. As such, this mimics the endothelium of blood
vessel vasculature. Input cells of interest (leukocytes) are
1solated from human blood and then applied to the upper
chamber of the transwell device. Following an incubation
period, the transwell msert 1s removed and transmigrated
cells are collected from the bottom chamber for analysis.
Flow cytometric analysis can be used to calculate the percent-
age of transmigrated cells and to determine their differentia-
tion phenotype according to cell-surface protein markers. The
in vitro migration of leukocytes across an endothelial barrier
such as HUVEC can be suificient to trigger cellular differen-
tiation. Among leukocytes, monocyte transmigration through
an endothelial cell monolayer has been shown to be sufficient
to induce their differentiation into either macrophages or
immature dendritic cells.
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Primary human umbilical vein endothelial cells (HUVEC;
BD Biosciences), maintained 1n Medium 200 (Cascade Bio-

logics), are seeded in the upper chamber of a Transwell device
(Cornming) containing a microporous polycarbonate mem-
brane (pore size 5 um) pre-coated with fibronectin. The
HUVEC endothelial cells on top of the porous membrane are
grown to confluency (determined by phase-contrast light
microscopy) and analyzed for the formation of tight-gap
junctions and hence the formation of a physiological barrier
(as determined by passive dye diffusion). Input cells of vari-
ous sorts are added to the upper chamber. Input cells may be
whole leukocytes (lymphocytes, monocytes, granulocytes,
and neutrophils) 1solated from normal peripheral blood by
simple lysis of red blood cells; or peripheral blood mono-
nuclear cells (PBMC; lymphocytes and monocytes) 1solated
by single-step density centrifugation using Histopaque-1077;
or monocytes exclusively, 1solated either by a second step of
density centrifugation using 46% Percoll, or alternatively by
immunomagnetic beads to deplete non-monocytic cells as per
the art (MiltenyiBiotec). Briefly, in the case of mononuclear
cells, PBMC are seeded at 1.0x10° cells onto the HUVEC
monolayer in the upper chamber of the transwell device and
allowed to bind for 1-2 hours at 37° C. 1n a standard CO,
incubator. Unbound PBMC are removed by gentle washing
with PBS. Remaining cells are allowed to transmigrate for
2-3 days, after which the upper chamber of the transwell
(containing the HUVEC monolayer plus unmigrated cells) 1s
removed, and transmigrated cells 1n the lower chamber are
collected for analysis. Cells are pelleted by centrifugation and
at this point can be stained with monoclonal antibodies to
determine cell phenotype and subtype (e.g., CD14+CD16+
monocyte/macrophage versus CD19+ B lymphocyte). Cells
are resuspended 1 500 ul of PBS supplemented with 2%
heat-inactivated fetal bovine serum and are analyzed using a
FACSCalibur flow cytometer. In addition to phenotypic
analysis, flow cytometry can determine the number of migrat-
ing cells expressed as a percentage of the number of 1nput
PBMC seeded onto the HUVEC monolayer by collecting
data from each sample for one minute on a high flow rate.
Alterations to this protocol include the pre-incubation of
input cells with the X92 anti-1L-1alpha Ab to determine 1ts
potential neutralizing affect on the transmigration ol mem-
brane-bearing IL.-1alpha leukocytes. Leukocytes positive for
membrane-associated IL-1alpha would be predicted to ligate
the IL-1R1 receptor expressed on resting HUVEC cells.

Experimentally, after stimulation with IL-lalpha alone or
with IL-lalpha preincubated with X92 Ab, adherent
HUVECs would be removed from culture wells using a non-
enzymatic reagent (e.g., EDTA or Cellstripper [Cellgro]),

washed with PBS, and then analyzed by flow cytometry for
the expression of CD34, CD62E, and CD106 adhesion mol-
ecules.

The addition of chemokines such as monocyte chemoat-
tractant protein-1 (MCP-1) to the lower chamber of the tran-
swell device can also be employed to study differences
between spontaneous and chemotactic transmigration of leu-
kocytes 1n the presence or absence of X92 Ab.

Human Subjects

The methods of the mvention can be performed on any
suitable human subject. Preferably, however, the subject will
be one sulfering from a condition associated with aberrant
levels or function of CD14+CD16+ monocytes. Examples of
such subjects include those with a pathology associated with
aberrant function or levels of CD14+CD16+ monocytes such
as an inflammatory condition, an autoimmune condition, can-
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cer (e.g., breast, colorectal, prostate, ovarian, leukemia, lung,
endometrial, or liver cancer), atherosclerosis, arthritis (e.g.,
osteoarthritis or rheumatoid arthritis), an inflammatory bowel
disease (e.g., ulcerative colitis or Crohn’s disease), a periph-
eral vascular disease, a cerebral vascular accident (stroke),
one where chronic inflammation is present, one characterized
by lesions having monocyte/macrophage infiltration, one
where amyloid plaques are present 1n the brain (e.g., Alzhe-

imer’s disease), osteoporosis, amyotrophic lateral sclerosis,
or multiple sclerosis.

EXAMPLES

Example 1

Flow Cytometry Experiments

Methods: Whole blood from a healthy donor was collected
under aseptic conditions. 2.5 ml of whole blood was diluted
10 fold 1n lysis butfer (150 mM ammonium acetate 0.1 mM
EDTA). The cells were kept 1n butfer on 1ce for 10 minutes
and were then spun down at 1000 G for 5 min. Cells were
resuspended 1n 1ce cold FACS bufler (PBS supplemented
with 1% dry milk filtered through a 0.2 um filter). The cells
were washed two times 1in FACS buller. Pelleted cells were
resuspended 1 2.8 ml FACS butfer, counted using a hemocy-
tometer, and under dim light fluorescently labeled antibodies
added, according to the following scheme:

1) PerCP-Cy3.5 conjugated anti-CD14 (eBioscience™
allinity purified, mouse anti-human IgG, kappa, no. 45-109)

2) PE conjugated anti-CD16 (eBioscience™ affinity puri-
fied, mouse anti-human IgG1, no. 12-0168)

3) FITC conjugated anti-IL-1a (eBioscience™ affinity
purified, mouse IgG1, anti-human IL-1a No. 11-718)

4) FI'TC conjugate ant1-KILLH (eBioscience™ affinity puri-
fied, mouse IgG1, kappa, no. 11-4714)

5) ant1-CD14, ant1-CD16
6) ant1-CD14, anti-CD16, anti-IL-1a
7) ant1-CD14, ant1-CD16, anti-1L-1a, anti-KLH

Suspended Cells in 400 nl FACS buffer (approx. 1.5x10°)
were transierred to 1.5 ml eppendort tubes and kept on 1ce
shielded from light. Antibody was added (50 ul) and reacted
with cells for 45 minutes. Cells were then washed by 3 rounds
of centrifugation at 1000 G for 5 minutes and resuspended 1n
1.5 mL of FACS buiffer and kept on ice until analyzed using a
BD FACS analyzer.

Results: Whole peripheral blood cells (WPBC) were
stained with ant1-CD14 and anti-CD16 to identily a small
subset of mononuclear cells. Using flow cytometry (FACS),
CD14+CD16+ WPBC were further analyzed for the expres-
sion of interleukin-1alpha using a FITC-labeled anti-1L-1al-
pha specific monoclonal antibody. Remarkably, three-color
FACS analysis revealed that virtually all of the IL-1alpha+
staining was 1n fact associated with the CD14+CID16+ popu-
lation. Consequently, it was determined that the CD14+
CD16+ cells and the IL-1alpha+ population of cells in the
blood were largely the same population.

Example 2

Neutralization of Cell-Associated ILL1A: MABPI1

Blocks E-Selectin Expression on IL1-Stimulated
HUVEC Cells

MABpl can inlibit the mduced expression of cellular
adhesion molecules on the surface of endothelial cells.
MABPI1-mediated inhibition of two key adhesion molecules,
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CD54 (ICAM-1) and CD62E (E-selectin), has been observed
using human umbilical vein endothelial cells (HUVECs) as a
model system. The MABpl effect 1s most pronounced when

US 8,546,331 B2

H(Cs are stimulated not by soluble recombinant human

IL.1alpha but by membranous IL.1alpha anchored by glyco-
syl-phosphatidylinositol (GPI) to the surface of engineered

DG44 CHO cells (GPI-IL1A cells). In a representative

experiment, confluent cultures of E

UVv.

HC cells 1n 6-well

plates were co-cultured overnight with 5x10° GPI-IL1A

DG44 cells in M-200 medium, either alone, 1n the presence of
10 ng/mlL MABP1, or 1in the presence of 10 ug/mlL D35

IgG1 1sotype control antibody. After 17-20 hours, H

and then lifted by non-enzymatic treatment for 20 minutes

nuinadan

UVEC
monolayers were washed extensively with Dulbecco’s PBS

with CellStripper reagent (Cellgro Mediatech). Cells were

immediately assayed for CD62E (E

-selectin) expression

using standard flow-cytometry protocols. Staining builer
comprised Dulbecco’s PBS supplemented with 2% heat-1n-
activated fetal bovine serum. PE-conjugated mouse anti-hu-

<160>

<210>
«211>
«<212>
<213>

<400> SEQUENCE:

Met Glu Phe Gly

1

Vval

Pro

Ser

Glu
65

Glu

Tle

Ala

Lys

145

Gly

Pro

Thr

Vval

Gln

Gly

Met

50

Trp

Ser

Leu

His

130

Gly

Gly

Val

Phe

Val
210

Cvys

ATrg

35

Phe

Val

Val

Phe

Cvys

115

Trp

Pro

Thr

Thr

Pro

195

Thr

Gln
20
Ser

Gly

Ala

Leu
100
Ala

Gly

Ser

Ala

Val

180

Ala

Val

SEQ ID NO 1
LENGTH.:
TYPE: PRT
ORGANISM:

4771

Homo sapiens

1

Leu

Val

Leu

Val

2la

Gly

85

Gln

Arg

Gln

Val

2la

165

Ser

Val

Pro

Ser

Gln

ATrg

Hig

Val

70

ATg

Met

Gly

Gly

Phe

150

Leu

Trp

Leu

Ser

NUMBER OF SEQ ID NOS:

Trp

Leu

Leu

Trp

55

Ser

Phe

ASpP

Arg

Thxr

135

Pro

Gly

Agn

Gln

Ser
215

4

Val

Val

Ser

40

Val

Thr

Ser

Pro

120

Leu

Leu

Ser

Ser
200

Ser

Phe

Glu

25

ATg

ASp

Ile

Leu

105

Vval

Ala

Leu

Gly

185

Ser

Leu

Leu

10

Ser

Thr

Gln

Gly

Ser

50

Arg

Val

Thr

Pro

Val

170

Ala

Gly

Gly

Val

Gly

b2la

Ala

Ser

75

ATrg

Leu

Val

Phe

Ser

155

Leu

Leu

Thr

SEQUENCE LISTING

Ala

Gly

Ser

Pro

60

ASn

ASP

Glu

Tle

Ser

140

Ser

ASP

Thr

Gln
220

Leu

Gly

Gly

45

Gly

Agn

ASp

Pro

125

Ser

Ser

Ser
205

Thr

14

man CD62E monoclonal antibody (eBioscience, clone

P2H3) or a PE

-conjugated mouse IgGlk 1sotype control

(eBioscience, clone P3) were used per manufacturer’s

instructions to stain H

UV

EC cells in a 100 microliter staining

volume for 20 minutes 1n the dark at room temperature. Two
washes 1n staining buffer were subsequently performed and

then samples were acquired on a FACSCalibur flow cytom-
cter (BD Biosciences). Among n=3 experiments the upregu-

lation of E

H-selectin onthe surface of HUVEC cells induced by
o membranous GPI-IL1A was neutralized by MABP1 to base-

line levels as exhibited by unstimulated HUVEC cells.
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It 1s to be understood that while the invention has been

described 1n conjunction with the detailed description
thereot, the foregoing description 1s intended to 1llustrate and
not limit the scope of the invention, which 1s defined by the
scope of the appended claims. Other aspects, advantages, and
modifications are within the scope of the following claims.
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25

Val

Trp

Ala

Ser

Phe

105

Gly

Cys
250

Leu

Glu

Leu
230

Ser

Gln
410
Gly

Gln

Agn

Leu
10

Met

Thr

Sexr

Gly
90

2la

Gly

Val

235

Pro

Phe

Val

Phe

Pro

315

Thr

Val

Ala

ATrg

Gly

395

Pro

Ser

Gln

His

Gly

Thr

Tle

Gln

AgSn

75

Ser

Thr

Gly

-continued

Asp Lys Lys Val

Pro

Pro

Thr

AsSn

300

ATYJ

Val

Ser

ASpP

380

Phe

Glu

Phe

Gly

Tvyr
460

Leu

Gln

Thr

Gln

60

Leu

ASpP

Thr

Cys

Pro

Cys

285

Trp

Glu

Leu

AsSn

Gly

365

Glu

Agh

Phe

Asn

445

Thr

Leu

Ser

Cys

45

Glu

Phe

Tvyr

Lys
125

Pro
Lys
270

Val

Glu

His

Lys

350

Gln

Leu

Pro

AgSh

Leu

430

Val

Gln

Leu

Pro

30

ATrg

Pro

Thr

Thr

Cys

110

Val

2la

255

Pro

Val

Val

Gln

Gln

335

2la

Pro

Thr

Ser

Tyr

415

Phe

Leu

15

Ser

2la

Gly

Gly

Leu

o5

Gln

Glu

US 8,546,331 B2

Glu
240

Pro

Val

ASp

Tyr

320

ASp

Leu

ATrg

ASpP

400

Ser

Ser

Ser

Trp

Ser

Ser

Val
80
Thr

Gln

His

16



Thr

Leu
145

Pro

Gly

His

Val
225

Val

130

Arg

Agh

Ser

Lys

210

Thr

2la

Ser

Glu

Ser

Leu

195

Val

Ala

Gly

Ala

Gln

180

Ser

Ser

Pro

Thr

Lys

165

Glu

Ser

Ala

Phe

<210> SEQ ID NO 3

<211> LENGTH:

<212> TYPE:

<213> ORGANISM: Homo sapiens

PRT

<400> SEQUENCE:

Met Glu Phe Gly

1

Val

Pro

Ser

Glu

65

Glu

Tle

Ala

Lys

145

Gly

Pro

Thr

Val

Agn

225

Pro

Glu

Gln

Gly

Met

50

Trp

Sexr

Leu

Tvyr

His

130

Gly

Gly

Val

Phe

Val

210

Val

Leu

Cys

ATg

35

Phe

Val

Val

Phe

Cys

115

Trp

Pro

Thr

Thr

Pro

195

Thr

Agn

Ser

Leu

Gln
20
Ser

Gly

Ala

Leu

100

Ala

Gly

Ser

Ala

Val

180

Ala

Val

His

Gly
260

4771

3

Leu

5

Val

Leu

Vval

Ala

Gly

85

Gln

ATy

Gln

Val

Ala

165

Ser

Val

Pro

Asp
245

Gly

Ser

Ala

150

Val

Ser

Thr

AsSh
230

Ser

Gln

ATg

His

Val

70

ATrg

Met

Gly

Gly

Phe

150

Leu

Trp

Leu

Ser

Pro

230

Lys

Pro

17

Val

135

Ser

Gln

Val

Leu

Glu

215

Arg

Trp

Leu

Leu

Trp

55

Ser

Phe

AsSp

Arg

Thr

135

Pro

Gly

Asn

Gln

Ser

215

Ser

Thr

Ser

Phe

Val

Trp

Thr

Thr

200

Val

Gly

Val

Val

Ser

40

Val

Thr

Ser

Pro

120

Leu

Leu

Ser

Ser

200

Ser

Agn

His

Val

Tle

Val

Glu
185

Leu

Thr

Glu

Phe

Glu

25

ATrg

ASP

Tle

Leu

105

Val

Ala

Leu

Gly

185

Ser

Leu

Thr

Thr

Phe
265

Phe

Val
170
Gln

Ser

Hisg

Leu

10

Ser

Thr

Gln

Gly

Sexr

50

Val

Thr

Pro

Val

170

2la

Gly

Gly

Cys
250

Leu

Pro
Leu
155

ASDP

ASp

Gln

Val

Gly

Ala

Ala

Ser

75

Arg

Leu

Val

Phe

Ser

155

Leu

Leu

Thr

Val

235

Pro

Phe

-continued

Pro

140

Leu

AsSn

Serx

Ala

Gly
220

Ala

Gly

Ser

Pro

60

Asn

ASDP

Glu

ITle

Ser

140

Ser

ASP

Thr

Gln
220
ASpP

Pro

Pro

Ser Asp Glu

AsSn

Ala

Asp
205

Leu

Leu

Gly

Gly

45

Gly

Agh

Asp

Pro

125

Ser

Ser
Ser
205

Thr

Pro

Agn

Leu

ASP

120

Ser

Leu
Val
30

Phe

Ser

Thr

110

Ala

Ala

Ser

Phe

Gly

120

Leu

ATrg

Pro

Lys
270

Phe

Gln

175

Ser

Glu

Ser

Arg
15
Val

Thr

Gly

Lys

55

2la

Pro

Ser

Thr

Pro

175

Val

Ser

Tle

Val

2la

255

Pro
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Gln
Tyr
160

Ser

Thr

Pro

Gly

Gln

Phe

Leu

2la

80

Agh

Val

Leu

Thr

Ser

160

Glu

His

Ser

Glu
240

Pro

18



ASpP

ASp

Gly

305

Agh

Trp

Pro

Glu

Asn

385

ITle

Thr

Leu
465

Thr

Val

290

Val

Sexr

Leu

ala

Pro

370

Gln

ala

Thr

Leu

Sexr

450

Ser

Leu

275

Ser

Glu

Thr

Agn

Pro

355

Gln

Val

Val

Pro

Thr

435

Val

Leu

Met

His

Val

Gly

340

Ile

Val

Ser

Glu

Pro

420

Val

Met

Ser

Tle

Glu

His

Arg

325

Glu

Leu

Trp

405

Vval

Asp

His

Pro

<210> SEQ ID NO 4

<211> LENGTH:

<212> TYPERE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Asp Met Arg

1

Phe

Val

Gln

Ala

65

Pro

Ile

Thr

Glu
145

Phe

Pro

Ser

Gly

50

Pro

Ser

Ser

Sexr

ATrg

130

Gln

Gly
Ala
35

Tle

Arg

Ser

Ser

115

Thr

Leu

Pro

Ser

20

Ser

Ser

Leu

Phe

Leu

100

Phe

Val

ATrg

236

Homo sapiens

4

Vval

ATy

Vval

Ser

Leu

Ser

85

Gln

Leu

Ala

Ser

Glu
165

Ser

ASpP

Asn

310

Val

Glu

Thr
Thr
2390

Glu

Leu

Glu

Gly
470

Pro

Gly

Trp

ITle

70

Gly

Pro

Leu

Ala

Gly

150

Ala

19

Arg
Pro
295

Ala

Val

Thr

Leu

375

Ser

AsSp

Ser

Ala
455

Ala

Asp

Asp

Leu

55

Ser

Glu

Ser

Pro

135

Thr

Thr
280

Glu

Ser

Ile

360

Pro

Leu

Agn

Ser

ATy

440

Leu

Gln

Ile

Arg

40

Ala

Glu

Gly

ASP

Phe

120

Ser

2la

Val

Pro

Val

Thr

Val

Cys

345

Ser

Pro

Val

Gly

ASDP

425

Trp

His

Leu

Gln

25

Val

Trp

Ala

Ser

Phe

105

Gly

Val

Ser

Gln

Glu

Leu
330

Sexr

Gln
410
Gly

Gln

AgSh

Leu
10

Met

Thr

Ser

Gly

90

2la

Gly

Phe

Val

Trp
170

Val

Phe

Pro

315

Thr

Val

Ala

Arg

Gly

395

Pro

Ser

Gln

His

Gly

Thr

Tle

Gln

Agnh

75

Ser

Thr

Gly

ITle

Val
155

-continued

Thr

AsSn

300

ATY(

Val

Ser

Glu

380

Phe

Glu

Phe

Gly

Tyr
460

Leu

Gln

Thr

Gln

60

Leu

ASD

Thr

Phe
140

Val

Cys Val Val

285

Trp

Glu

Leu

AsSn

Gly

365

Glu

Asn

Phe
Asn
445

Thr

Leu

Ser

Cys

45

Glu

Phe

Lys
125
Pro

Leu

Asp

Tyr

Glu

His

Lys

350

Gln

Met

Pro

Agn

Leu

430

Val

Gln

Leu

Pro

30

ATrg

Pro

Thr

Thr

Cys

110

Val

Pro

Leu

Agn

Val

Gln

Gln

335

2la

Pro

Thr

Ser

Tyr

415

Phe

Leu

15

Ser

2la

Gly

Gly

Leu

o5

Gln

Glu

Ser

Agn

2la
175
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Val

ASp

Tyr

320

ASp

Leu

ATrg

ASp

400

Ser

Ser

Ser

Trp

Ser

Ser

Val

80

Thr

Gln

His

ASDP

Agn

160

Leu

20



Gln

Ser

Glu

Ser
225

Sexr

Thr

Lys
210

Pro

Gly
Tyr
195

His

Val

ASh
180

Ser

Thr

Ser

Leu

Val

Gln

Ser

Ser
230

21

Glu
Ser

Ala
215

Phe

Ser

Thr
200

Cys

Agh

Val
185

Leu

Thr

Thr

Glu Val

Gly

Glu

Leu

Thr

Glu
235

US 8,546,331 B2
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-continued

Gln Asp Ser Lys Asp

120

Ser Lys Ala Asp Tvyr

Hisg
220

Cvs

205

Gln Gly Leu Ser

What 1s claimed 1s:

1. A method comprising the steps of:

(a) determining that a human subject with a disease or
pathologic disorder has high levels of CD14+/CD16+
monocytes that contribute to the disease or pathologic
disorder by removing a first sample of peripheral blood
from the subject and performing flow cytometry on cells
comprised within the first sample to assess the number
or percent of CD14+/CD16+ monocytes in the {first
sample;

(b) administering an agent that modulates the function or
expression of interleukin-lalpha to the human subject;
and

(c) determining whether such administration modulates
the amount of CD14+CD16+ monocytes in the subject
by removing a second sample of peripheral blood mono-
nuclear cells from the subject and performing flow
cytometry on cells comprised within the second sample
to assess the number or percent of CDI14+/CD16+
monocytes in the second sample.

2. The method of claim 1, wherein the agent that modulates
the Tfunction or expression of interleukin-1 alpha 1s one that
interferes with interleukin-1 alpha binding to an interleukin-1
alpha receptor.

3. The method of claim 1, wherein the agent 1s an antibody
that specifically binds interleukin-1 alpha.

4. The method of claim 3, wherein the antibody 1s a mono-
clonal antibody that specifically binds interleukin-1 alpha.

5. The method of claim 4, wherein the monoclonal anti-
body 1s a human antibody.

6. The method of claim 5, wherein the human antibody 1s
an 1gGl.
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30

35

40

7. The method of claim 6, wherein the human antibody has
a heavy chain comprising the amino acid sequence of SEQ 1D
NO:3 and a light chain comprising the amino acid sequence of
SEQ ID NO:4.

8. The method of claim 1, wherein the human subject has a
pathology associated with aberrant function or levels of

CD14+CD16+ monocytes.

9. The method of claim 8, wherein the disease or pathologic
disorder 1s an mflammatory condition.

10. The method of claim 8, wherein the disease or patho-
logic disorder 1s an autoimmune condition.

11. The method of claim 1, wherein at least 1.5% of the
human subject’s peripheral blood leukocytes are CD14+
CD16+ monocytes before administration of the agent and less
than 1.5% of the human subject’s peripheral blood leukocytes
cells are CD14+CD16+ monocytes aiter administration of the
agent.

12. The method of claim 1, wherein administration of the
agent results 1n at least a 10% reduction 1n the percent of
CD14+CD16+ monocytes 1 a complete blood count with
differential.

13. The method of claim 1, wherein the step of determining
whether such administration modulates the amount or func-
tion of CD14+CD16+ monocytes 1n the subject comprises
assessing the function of the subject’s CD14+CD16+ mono-
cytes before and after admimstration of the agent.

14. The method of claim 13, wherein administration of the
agent results 1n at least a 10% reduction 1n the function of

CD14+CD16+ monocytes.
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